During the housing boom of the 1970s, the real price of owneroccupied houses rose by 30 percent. The rate of new construction activity reached record-breaking highs in 1977 and 1978, before the credit crunch of 1979 curtailed new starts. While it is impossible to isolate a single "cause" of the boom, the coincidence of high inflation rates and the tax deductibility of nominal mortgage payments was one factor that made homeownership more attractive. Rising inflation rates push up nominal interest rates, increasing the homeowner's interest charges, and lead to large nominal capital gains on houses. Because of the tax system, however, an increase in the inflation rate reduces the real cost of homeownership. Homeowners are permitted to deduct mortgage interest payments from their taxable income, and under current law imputed rental income is not taxed. A variety of tax provisions, such as exemption of housing capital gains for the elderly, make capital gains from homeownership essentially untaxed. Owner occupants therefore gain on balance: while receiving the full value of their home's appreciation, they bear only a fraction of the higher interest payments.
Many studies have documented the recent decline in homeownership costs.' The effective cost of owner-occupation was ac-*I wish to thank Olivier Blanchard, Rudiger Dornbusch, and especially Martin Feldstein and Lawrence Summers for helpful discussions and advice. This research is part of the NBER program in Taxation. Any opinions expressed are those of the author and not of the NBER.
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sequences of a user cost change and explains how the perfect foresight assumption restricts the initial price change. In the third section I explore the theory's implications for empirical models of residential construction activity. I estimate a quarterly model of aggregate investment in one-family owner-occupied structures, and compare the results with those from previous housing studies. The final section describes perfect foresight "simulations" that illustrate the impact of user cost changes on house prices and building activity.
The results suggest that absent other inflation-induced distortions in the housing market,3 as much as a 30 percent increase in the real price of owner-occupied structures could be attributed to the user cost decline of the late 1970s. They highlight the role of inflation in determining the tax subsidy to owner occupation and indicate that the substantial changes in the inflation rate which have been experienced in the early 1980s may dramatically affect the desirability of homeownership.
I. THE THEORETICAL FRAMEWORK
The desired quantity of housing services HSd depends upon the real rental price R of those services: HSd = f(R), fR < 0. The flow supply of services HS8 is produced by the stock of housing structures H according a production relationship, HS-= h(H). The stock of houses4 is fixed in the short run, so the equilibrium rental equates the demanded quantity of services with the existing service flow: HSs = HSd. The market-clearing rental can be represented as R = R(h(H)), R' < 0, where R is the inverse demand function for housing services. To simplify my exposition, I shall write R(H) for the marginal rental value of services generated by a housing stock H. Individuals consume housing services until the marginal value of these services equals their cost. To formalize this condition, I shall make several assumptions: (i) all structures depreciate at a constant rate 8, and require maintenance and repair expenditures 3. The user cost is not the only channel by which inflation affects the housing market. The structure of fixed nominal payment mortgage instruments can induce other distortions: the "effective duration" of the mortgage is reduced, and liquidityconstrained consumers may find initial nominal payment requirements prohibitive. These effects have been extensively discussed in Kearl [1979] and Schwab [1982] . Resolving whether user cost or mortgage instrument effects are more significant is an important empirical issue, but it is beyond the present paper.
4. Houses are assumed to be homogeneous, so new construction is qualitatively the same as the existing housing stock. Q UAR TERLY JOURNAL OF ECONOMICS equal to a fraction K of current value;5 (ii) structures incur property tax liabilities at a rate pu; (iii) all individuals face a marginal income tax rate 0, may deduct property taxes from taxable income, and may borrow or lend any amount at a nominal interest rate i. The one-period cost of housing services from a "unit structure" with real price Q is wQ, where w is the sum of after-tax depreciation, repair costs, property taxes, mortgage interest payments, and the opportunity cost of housing equity, minus the capital gain (at rate IH) on the housing structure:
Homeowners equalize the marginal cost and marginal benefit of housing services, setting R (H) = QW.7
The nominal house price inflation rate aH equals the sum of overall inflation (,r) and real house price inflation aQ, where 7TQ = Q/Q = 1TH -X. To study real price changes, I rewrite the asset-market equilibrium condition as Asset-market equilibrium may also be explored by arguing that the price of a house must equal the present discounted value of its net future service flow. The arbitrage condition (2) is the primitive concept, and the present-value relation can be derived from it. A house's net service value S(t) is its real rental service 5. The assumption that maintenance is a constant fraction of home value implicitly recognizes that many of the inputs to maintenance, including copper pipe, gravel, and lumber, are also assets whose relative prices are affected by inflation. Other inputs, such as the homeowner's time, are of a different character, and maintenance might be treated proportional to the physical size of the house. This alternative assumption would reduce the effect of inflation on house prices, though sample simulations showed the effect to be small. 6. If the opportunity cost of funds io is different from the cost of borrowing i, then the loan-to-value ratio L on the housing purchase enters the problem. The user cost in (1) becomes value minus depreciation, tax, and maintenance costs:
S(t) = R (H(t)) -[(1 -O)p + 8 + K] Q(t). The equation for the evolution of real house prices may be rewritten as Q(t) = -S(t) + [(1 -O)i -7r]Q(t).
Subject to the transversality condition that restricts the value of housing structures' services to grow at a rate less than the discount rate, this differential equation is solved by 0x (3) Q(t) = f S(z)e-1(l -0i -fizz t) dz.
A house's real price equals the present value of its future net service flow discounted at the homeowner's real after-tax interest rate.8 I have described the demand for existing structures. The market for new construction, which determines the amount of gross residential investment, is the second part of the housing sector. I assume that the homebuilding industry is perfectly competitive and that the industry's supply depends on its output price, the real price of housing structures. Gross investment I equals the industry's output: I = 41(Q) with 41' > 0. This specification of the investment function requires some explanation. Some authors (for example, Muth [1960] ), have argued that in the long run the housing structures supply curve is perfectly elastic. If this were so, the steady state price of structures would be determined only by construction costs, which are assumed independent of the level of construction. By comparison, the two-sector monetary growth model described by Foley and Sidrauski [1971] implicitly argues that the production possibility frontier between houses and other goods is not flat. Provided that any factor, such as lumber or the individuals who are skilled as construction workers, is in limited supply, a rise in construction demand will increase the equilibrium price of structures.
Combining the gross investment function tp(Q) with the accounting identity for the net change in the housing stock H yields an expression for net investment: A long-run steady state is defined by a constant housing stock, H = O.' The steady state houses price is therefore Q* = *-'(bH*), where H* is the equilibrium stock of structures. My omission of land is most apparent in this discussion of flow supply. To treat land properly, we must specify the relationship between inputs of land and structures and output of housing services. Information on this "housing service production function" is almost impossible to obtain. It is also difficult to measure the elasticity of supply of residential land. Although this parameter is crucial in determining the model's response to user cost shocks, there is little agreement concerning its numerical magnitude. These difficulties led me to focus only on structures in my empirical analysis, but in the appendix I discuss how land could be added to the theoretical model.
II. THE ANALYTICS OF USER COST CHANGES
The model may be used to analyze a reduction in user costs induced by an increase in the rate of expected inflation, and to describe its ultimate consequences for the housing market. First, consider the consequences for the housing market steady state. Higher inflation rates reduce homeowners' user costs because while nominal mortgage interest payments are tax deductible, the capital gains from house appreciation are essentially untaxed.10 Differentiating the user cost expression yields dwldnrr = (1 -O)dildlT -dm~d1r. Real house prices are constant in the steady state, so darH = d-r. An increase in the overall inflation rate will reduce the steady state user cost of housing, dwldir < 0, if dild'T. < 1/(1 -0). Plausible values for the average marginal in-9. In a growing economy, the ratio of H to real income must be constant. H must therefore grow at a rate n + qyg, where n is the rate of population growth, g the rate of growth of real income per capita, and q the income elasticity of demand for housing services. In the calculations of Section IV, I allow for income growth by defining 8* = 8 + n + -qyg and requiring H = -*H.
10. Several factors motivate the choice of zero as an effective capital gains tax rate. First, housing capital gains are untaxed whenever the proceeds are invested in another home. The U. S. Savings League [1979] reports that 78 percent of all home sellers purchase another house immediately. The percentage who were unable to reinvest their full capital gain because of "trading down" to a smaller house is unfortunately not known. Second, the first $100,000 of capital gains is tax exempt when the house seller is over sixty-five, regardless of reinvestment. Finally, the small fraction of sellers who are taxed pay taxes when their gain is realized and not when it accrues, reducing the effective tax rate still further. come tax rate of homeowners, between 0.25 and 0.5,11 imply that inflation shocks will reduce the user cost if nominal interest rates rise by less than one and one-third percentage points for every one point increase in the inflation rate.
Inflation's effect on nominal interest rates is an unresolved issue. While theoretical analyses predict values of dildir that are greater than one, empirical findings point to a value less than or equal to unity. Feldstein and Summers [1978] and Summers [1982] discuss these questions in some detail. The complex institutional arrangements that have governed mortgage interest rates in the period under consideration, in particular the regulated nature of the savings and loan industry, make it unlikely that the mortgage rate behaves according to standard term-structure theories. While these institutional considerations suggest that the expected inflation rate may not be of direct relevance to the mortgage market, regression evidence provides a useful description of the joint evolution of mortgage and inflation rates.
I performed simple tests to measure the responsiveness of the nominal short-term commercial paper rate, and the nominal mortgage interest rate, to expected inflation. A time series for inflationary expectations was formed using a "rolling ARMA" technique.'2 The short rate was regressed against the one-period forecast inflation rate, and the mortgage rate against a discounted fifteenyear forecast inflation rate. 12. For each year between 1960 and 1980, an ARMA (1,1) model was fitted to the preceding ten years of inflation data. The estimated inflation rate process was then used to forecast inflation rates for the next fifteen years. The short-term expected inflation rate was defined as the one-period ahead forecast, and the expected long-term inflation rate was computed using the procedure of Feldstein and Summers [1978] , discounting future forecasts at 8 percent per year.
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The hypothesis that dild-r = 1 cannot be rejected in either case; I impose this value in the simulations below.
While long-term mortgage interest rates are important, the short-term interest rate enters the arbitrage equation for houses. Absent risk, the one-period return on houses must equal the return on alternative assets, and this is the short-term interest rate.13 Changes in the long-term interest rate affect the housing market, not by raising today's user cost, but because they convey information about expected future user costs. If the expected shortterm interest rate in some future period rises, today's nominal long-term interest rate will also rise. Investors must expect the arbitrage condition to hold even when short rates, hence user costs, are high. One way to enforce asset-market equilibrium would be for house prices to fall sharply in the period when the short rate rises, and to rebound in the next period. However, investors who foresaw this event would enjoy large capital gains when house prices returned to their previous level. The assumption of rational expectations precludes these anticipated excess returns. The price of structures today, and the interim path of housing investment, will therefore adjust to guarantee that the arbitrage equation holds. An increase in the long-term interest rate therefore depresses house prices today and reduces housing capital intensity, but it is not relevant for measuring today's user cost. Earlier studies of user costs based on mortgage rates, for example, Hendershott [1980] The housing model exhibits the "saddlepoint stability" property frequently found in asset-market models with rational expectations. Begg [1982] and Sheffrin [1983] discuss these models in some detail. If a steady state is disturbed, there is a unique path (the "stable arm") along which the system will return to a steady state. It is the only path that satisfies the transversality condition. The housing stock at the time of the shock is fixed at Ht. so the real price of houses must adjust to reach the stable arm at (H*,Q). From this point, as the system moves along path BB to point B, the housing stock will grow and the real price will decline.
The figure allows a comparison of the price response under perfect foresight (Q) with the response when agents expect the housing stock to remain fixed. Housing stock adjustments accommodate the user cost change, and fixing the housing stock reduces the system's ability to react to shocks. The fixed-H case is tantamount to assuming a vertical H = 0 locus, and in this situation, prices move to Q. This is the case that I label "static expectations." The substantial difference between Q and Q in the simulations reported below shows how any analysis that neglects expectations of future housing construction will overstate the housing price responses.
III. CALIBRATING THE MODEL
Estimates of the housing inverse demand function and the construction supply equation are needed to estimate the housing market's response to changes in the inflation rate. For a number of reasons, the inverse demand function is difficult to estimate from time-series data. Accurate measurement of the user cost requires measuring expected house price inflation, which is inherently unobservable. Further difficulties arise from the need to aggregate across individuals with different marginal tax rates and therefore different housing user costs.14 I chose not to estimate the housing demand function, but relied upon previous crosssectional research. I approximated R (H) as (7) log Qw = log R (H) = oto + ot1 log H. 15. Most studies have estimated the demand for housing structures with land, and may not provide estimates of the elasticity of demand for structures alone. However, the fact that the land-to-value ratio for houses has remained almost constant over the past two decades suggests that the elasticity of demand for structures may therefore be approximated by the house price demand elasticity.
In the reported equations below, INV will be measured both as the level of real investment in structures and as the ratio of real structures investment to GNP.
The Estimates of the investment model are shown in Table II , which reports two basic specifications. In the first the dependent variable is the ratio of investment of one-family residences to GNP. Since most adjustment-cost theories of investment suggest that the rate of investment relative to the economy's total output or its capacity for producing investment goods is determined by the real price of structures, most of my reported equations focus on this specification. Alternative "traditional" equations in which the level of investment is the dependent variable were also tried and reported.17 My model of structures investment differs from many previous studies of construction behavior because it deemphasizes such demand variables as disposable income or demographic trends. I argue that the asset price of houses is a sufficient statistic for these demand side forces, and that the flow of new construction should therefore depend only upon the real house price.
The estimation results provide support for the asset-market theory outlined in Section I. In the best-fitting equations, the estimated elasticities of the rate of new construction with respect to real house prices range between 0.5 and 2.3, depending upon model specification.8 Models with CREDIT1, the savings inflow variables, fit measurably better than those with the credit ra-16. The common-factor restrictions imposed by my AR(2) error structure were never rejected at the 95 percent confidence level See Sargan [19801 for further discussion of common factor tests.
17. Specifications involving the ratio of housing investment to the net housing capital stock were also estimated, as were models in which the level of investment was deflated by the total number of construction workers at the previous construction boom. I also estimated models for housing starts. Similar results obtained from all of these models, suggesting some robustness of the findings.
18. These findings can be compared with results of earlier studies that included real house prices in residential investment functions. Kearl [1979] found a supply price elasticity of about 1.6 for new investment, and Huang [19731 reported an elasticity of nearly two for housing starts. 
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My results point to several different effects of credit market instruments on the housing market. In addition to the usual credit rationing effects, there is evidence of a small short-term interest rate effect operating through the expected present value of future house prices. For the parameter values which I have estimated, a two-percentage-point increase in the nominal interest rate reduces construction activity by about 1 percent.
The asset-market model also provides new insight on how credit rationing affects the housing market. Past studies that related construction activity to the difference between the desired and the existing housing stock omitted the important asset-market equilibrium condition. They concluded that credit availability determined the quantity of housing services demanded, since the credit variables entered the new construction equation. A competing (but not exclusive) hypothesis was suggested by Fair [1972] , who argued that builders are the actors who are most affected when credit is tight.
The asset-market approach allows us to distinguish between the 'demand effect rationing" (rationing reduces the desired quantity of housing services) and "supply effect rationing" (rationing leaves builders unable to construct their desired number of new homes) hypotheses. Demand effect rationing should affect the market for new and existing structures in the same way. It has an effect on the asset market for houses and therefore should reduce the real price of structures. Construction activity should decline in response to the price signal from the asset market; however, if the asset price is a sufficient statistic for the demand forces affecting the housing market, there should be no additional effect from placing credit rationing variables in the investment supply equation. Supply effect rationing, however, should have its principal effect in reducing new building. It could even increase the equilibrium price of existing houses by curtailing the growth of the housing stock, which raises the expected future rental value of existing structures. Under the "supply effect" hypothesis, the real price of houses should not annihilate the credit rationing variables. The strong credit rationing effects in my construction models are presumptive evidence for validity of the "supply effect" hypothesis. They do not constitute a rejection of the demand effect model; that can only come from evidence on how rationing affects house prices. Table III before each recent credit crunch began and the worst quarter during that crunch. Brayton [1979] has identified the periods of credit rationing during the past two decades by studying the supply of mortgage funds. He defines a quarter as "credit rationed" when the growth rate of mortgage fund supply over two quarters falls by more than two percentage points relative to its growth rate over the preceding four quarters. The rationing ends when the growth rate returns to 1 percent below the initial four-quarter growth rate. While the level of investment falls substantially during each period of credit restriction, real house prices have never fallen by as much as 1 percent. These findings constitute substantial support for Meltzer's [1974] claim that credit rationing affects the flow supply of new construction, not the demand for houses.
IV. SIMULATION RESULTS
This section uses the parameter estimates described above to compute the impact of changes in the inflation rate and tax policy on the housing market. I used an algorithm for solving nonlinear rational expectations models to find the "perfect foresight path" by which the housing market moves from one equilibrium to another.20 I report both the initial price adjustment at the time 20. The algorithm is described in Lipton, Poterba, Sachs, and Summers [1982] . A full description of the procedure used here is available from the author on request. Simulations assume constant wages, nonresidential structures prices, and set the house price supply elasticity at unity. A more complete discussion may be found in Poterba [1980] . of the policy change as well as the steady-state changes in the stock of structures and real house prices. Convergence to the steady state may take several decades, so these results indicate the consequences of persistent high inflation rates or otherwise favorable tax treatment of houses. While a change in the inflation rate that is expected to be temporary has a smaller effect on house prices, the consequences may still be quite substantial. A tenyear period of elevated inflation rates was calculated to produce a housing price change two-thirds as large as a permanent inflation shock.
Simulations are reported in Table IV assuming marginal income tax rates of 25 and 35 percent. I consider the impact of an unanticipated, permanent inflation shock from 0 to 2 percent, 0 to 5 percent, 0 to 8 percent, or 3 to 9 percent. The last shock is roughly comparable to the actual movement in expected inflation rates during the 1970s. Note that the effect of a shock depends both upon its size and upon the initial rate of inflation. A constant size inflation shock has a larger effect at higher inflation rates because the initial user cost is lower, meaning the shock causes a larger percentage reduction in housing user costs.
A 5 percent inflation, introduced into an economy with previously stable prices, causes real house prices to jump by 13.6 percent in the 25 percent tax rate case. The steady state change in real house prices is smaller, just over half the size of the initial adjustment. The inflation shock also leads to between a 15 and a 25 percent change in the long-run stock of housing structures, depending upon the marginal tax rate. The 3 to 9 percent shock induces as much as a 43 percent growth of the equilibrium housing capital stock. By comparison, if the tax system were indexed for inflation and did not treat inflation-induced increases in the nominal interest rate in the same fashion as changes in the real interest rate, equilibrium housing capital intensity would be unaffected by the rate of inflation. These results are dramatic, and suggest that failure to adapt the tax code to a period of rising prices can have very large effects on the intersectoral allocation of capital. These results, when coupled with findings that inflation depresses the real return to corporate capital,21 may imply a larger change in the relative size of the residential and nonresidential capital stocks. Summers [1981b] describe the effects of inflation and the tax system on corporate profitability. The results in Table IV also allow a comparison of the change in real house prices under static expectations and perfect foresight. In the static case with a 25 percent marginal tax rate, an inflation shock from 3 to 9 percent leads to a 35.3 percent price increase. The rational expectations jump, 18.7 percent, is only about half of the static expectations change. This substantial divergence suggests the importance of using explicitly dynamic models with forward-looking expectations when studying policies that affect capital accumulation and asset prices.
Feldstein [1980] and
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Large changes in the long-run equilibrium capital stock cause immediate increases in the rate of gross residential investment. The "standard" 3 to 9 percent shock raises residential construction by 20 percent in the years immediately following the shock. The computed transition path also provides information about the time required to reach the new equilibrium. In my calculations the housing stock is within 1 percent of its new long-run equilib-Q UAR TERL Y JO URNAL OF ECONOMICS rium value within 40 years. The time required for movement halfway to the equilibrium value is about 11 "years."
The simulation approach described here can be used to study a wide range of complex policy changes that have their effect on the housing market exclusively through the user cost. Calculations for an economy with a constant 10 percent inflation rate and 25 percent marginal tax rate show that eliminating mortgage interest deductibility provisions would change the user cost from 4 percent to 7 percent, leading to an immediate fall of 26 percent in real house prices. In the long run the stock of housing capital would decline by 29 percent. The fact that changes in the tax law will have important effects on the relative value of different household portfolio assets is often ignored in policy debates. Removing mortgage interest deductibility, if it reduced real house prices by 26 percent, would imply a net wealth decline of 545 billion 1980 dollars for the household sector. This is 13 percent of household net worth, and the most substantial effects would probably be upon highly levered homeowners for whom a sharp decline in real house prices could lead to severe financial distress.
Another proposal that is frequently advanced calls for the taxation of the imputed rent from owner-occupation. In this scenario the arbitrage condition for asset-market equilibrium becomes (1 -O)R (H)IQ = w. Simulations assuming a marginal tax rate of 25 percent, for which the user cost rises from 4 percent to 551/3 percent, suggest that this policy change would reduce real house prices by 13 percent in the short run. The stock of owner-occupied housing would decline by one-sixth in the new steady state. The comparison between these changes and those for eliminating mortgage deductibility shows how substantial the effects of inflation, interacting with the tax system, can be: the real subsidy to homeowners that results from interest deductibility is now greater than that from the failure to tax-imputed rental income. The model provides important insights into the functioning of the housing market. Provisional evidence suggests that while credit rationing has a large impact on the flow supply of new construction, its impact on the underlying demand for housing services is minimal. The price variable that I suggest drives builder behavior is the expected present value of receipts from selling a house. When nominal interest rates are high, or the average time that houses spend on the market is long, this present value declines. This "present value" effect is a direct mechanism by which nominal interest rates affect building activity.
The present study has overlooked many important issues involving the tax system's effect on the housing market. For example, I have not addressed the question of tenure choice. There is substantial evidence that the share of the population that owns a home is responsive to the relative prices of rental and owneroccupied accommodation. The recently increased attractiveness of homeownership should therefore be reflected in a shift out of rental housing, and this demand effect should be considered.22 I have also sidestepped the joint nature of housing services and the essential role of land. While the model that I outline in the appendix takes a first step, much more investigation, and particularly empirical work, is required. Finally, the model outlined here is explicitly partial equilibrium. It does not address the central question of how the equilibrium rate of return on housing and other assets is determined. Issues such as the riskiness of housing investment and the relative tax treatment of residential and nonresidential capital, which arise in the general equilibrium setting, merit further study.
APPENDIX: THE HOUSING MODEL WITH LAND AND STRUCTURES
The body of this paper has ignored the interaction between structures and land. In this appendix I shall set out the model with land, for a special case, and demonstrate how the results 22. Weiss [1978] presents a neat theoretical model of the effect of taxes on homeownership, and Hendershott and Shilling [1981] look at the effects of changing user costs and rents. Neither study has treated the problem in a dynamic setting. Titman [1982] argued that conventional wisdom about the effect of inflation on homeownership rates may be misguided, because the desirability of being a landlord rises even more rapidly than the appeal of homeownership. His model suggests that inflation discourages owner occupation. This theoretical controversy underscores the need for further empirical research. Both expressions are positive for (8 + K) sufficiently small. As the supply elasticity for structures becomes large, however, d log QHId log ar approaches zero. These expressions allow us to answer questions about how much of an inflation shock will be capitalized in land and how much in houses. Further empirical work to parameterize these models clearly remains to be done.
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